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ABSTRACT 
The granitic body extends from the southern part of West Sulawesi Province of Sulawesi Island to the central part of 
the Northern Sulawesi Province; occupying a length of approximately 600 km. Late Tertiary granitic rocks cover 
this area, where they built up an outstanding West to North Sulawesi Granitic Belt. Two groups of granitic rocks 
can be classified according to their geochemical characteristic. The granitic rocks in the West Sulawesi Province 
consists of granite, monzonite, quartz monzonite and granodiorite with dioritic enclave showing metaluminous, 
I-type and mostly ilmenite-series granitic rocks (reduce I-type) character which represents continental margin, 
high-K calc-alkaline (CAK) to shoshonitic magmatic arc developed during collisional stage of Sulawesi orogeny 
with significant contamination of sedimentary rocks. The granitic rocks from the North Sulawesi Province range 
from tonalite to granite through granodiorite, metaluminous and normal I-type character (magnetite-series) 
representing subduction of lower crust segment of oceanic origin with less contamination of sediment material. Both 
granitic suites are associated with ore deposit. The reduce I-type granitic rocks consists of small deposit of 
epithermal Au-Cu system and base metal mineralization whereas the normal I-type granitic rocks suites related with 
porphyry Cu-Au-Mo and epithermal Cu-Au system. 
 
INTRODUCTION 
Sulawesi Island, located in the central part of the 
Indonesian Archipelago, has been a subject of debate 
in term of its geological setting among earth scientists 
(Katili, 1978; Hamilton, 1979; Polve, 1997; Bergman 
et al., 1996; Elburg et al., 2003; van Leeuwen et al., 
2010). The multi-armed shape of the island, with 
different lithologic sequences (including plutonic and 
volcanic rock, ultramafic, metamorphic rock and 
sedimentary rocks) suggests that it is a complex 
assemblage of tectonic terranes, leading to the wide 
range of interpretation for the evolution of the island. 
One of main components of the magmatic products in 
this island is the Late Cenozoic granitoids which 
extend from the Western to the Northern part of the 
island (Sukamto, 1975; van Leeuwen et al., 2007). 
However, regardless their large distribution, study on 
the relationship between granitic magmatism and 
related ore deposit in Sulawesi Island has never been 
conducted. Given the importance of granitic 
magmatism to address above issues, it is essential that 
the petrology, bulk geochemistry, isotope 
geochemistry, and magnetic susceptibility of the whole 
granitic bodies in this island is well understood. This 
paper provides general characterization of petrology, 
geochemistry and magnetic susceptibility of the 
granitic rocks for better understanding the relation 
between granitic magmatism and related ore deposit in 
Sulawesi Island.  
  
REGIONAL GEOLOGY 
Sulawesi can be divided into four tectonic provinces 
(Fig. 1), namely (1) the Western Sulawesi Province, 
(2) the Eastern Sulawesi Province, (3) the Northern 
Sulawesi province and (4) the Banggai-Sula and 
Tukang Besi Continental Fragments (Fig.1). The 
detailed description can be found in Maulana (2013). 
 
Fig.1 Tectonic province of Sulawesi Island (Maulana, 2013). 
 
METHODS 
Thin sections were prepared and studied 
petrographically to determine the rock types, mineral 
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assemblages, fabric and textural relations. 
Concentration of major and trace elements including 
rare earth elements of some fresh samples were 
analyzed. Major element compositions were 
determined on fused disc and pressed powder using an 
X-ray fluorescence spectrometer Rigaku RINT-300 at 
Department of Earth Resources Engineering, Kyushu 
University whereas rare earth elements and trace 
elements were determined by the ICP-MS method 
following a lithium metaborate/tetraborate fusion and 
nitric acid total digestion at ALS Chemex, Vancouver, 
Canada. Radiogenic isotope (Sr, Nd, and Pb) and 
stable isotope (O) of 12 samples were determined 
using a Thermofisher Triton RPQ multicollector mass 
spectrometer at the Research Institute of Human and 
Nature (RIHN), Kyoto and VG Optima mass 
spectrometer at the isotope geology Lab. Glasgow 
University, respectively. Magnetic susceptibility 
values of the rocks were measured in the field with a 
portable device of KT-10 Magnetic Susceptibility 
Meter from Terraplus. 
 
RESULTS 
Petrography 
Petrographical study shows that the granitic rocks have 
a considerable compositional range from granodiorite 
through quartz monzonite, monzonite, monzodiorite, 
syenite to granite with enclaves of diorite (Table 1).  
Table 1. Main lithology and mineral assemblages of the 
plutons in Sulawesi 
 
Plagioclase, quartz and K-feldspar occur as major 
rock-forming mineral whereas hornblende and biotite 
serve as major ferromagnesian mineral. Accessory 
mineral includes titanite, apatite, opaque mineral 
(magnetite and ilemnite) and small zircon.  
Geochemistry 
Major element composition (SiO2 and K2O) indicates 
that the plutons can be classified as high-K or 
shoshonitic (HK) which are concentrated in the 
southern and central-western (CW) part of the Western 
Sulawesi Province, high-K calc-alkaline (CAK) which 
are found in the central and north-western (NW) part 
of the province and low-K to tholeiitic series which are 
dominated in the central part of the Northern Sulawesi 
Province (Fig. 2). However, some samples from 
Masamba and Mamasa Pluton which are located in the 
CW part of the Western Sulawesi Province show a 
low-K to tholeiitic affinity. Detailed geochemical 
character of the granitic rocks including the isotope 
compositions were reported by Maulana (2013). Most 
of the granitic rocks are metaluminous I-type granitic 
rocks. With an exception of tonalitic rocks in 
Gorontalo, all granitic samples resemble the upper 
continental crust pattern in their trace and rare earth 
element patterns. Enrichment of large ion lithophile 
elements (Rb and Sr) and depletion of high field 
strength elements (especially Nb and Ta) suggests an 
arc magma affinity. Negative Eu anomaly in most of 
the samples shows plagioclase fractionation during 
magmatic differentiation. Most of the samples show a 
high 
87
Sr/
86
Sr values but a low 
143
Nd/
144
Nd, suggesting 
a strong upper crustal component sources. In addition, 
they have high 
206
Pb, 
207
Pb and 
208
Pb isotope ratios. 
However, microdioritic enclaves and tonalitic rocks 
from Gorontalo Pluton in the Northern Sulawesi 
Province show lower 
87
Sr/
86
Sr values but higher 
143
Nd/
144
Nd and relatively higher 
206
Pb, 
207
Pb and 
208
Pb 
values, suggesting a more basic source. Whole-rock 
δ18O values from the granitic rocks are in the range of 
+5.7 to +9.6 permil (outlier three samples lower than 
+5.1 permil and two samples higher than +12 permil). 
The low δ18O value can be attributed to the 
introduction of meteoric hydrothermal alteration 
whereas the higher δ18O value indicates the significant 
involvement of high δ18O metasedimentary rocks in 
the melting process (Maulana, 2013). The magnetic 
susceptibility of the granitic rocks varies between 0.08 
x 10
-3 
SI to 18.5 x 10
-3 
SI, corresponding respectively 
to ilmenite-series (< 3x 10
-3 
SI; reduced type) and 
magnetite-series (> 3x 10
-3 
SI; oxidized type) granite 
(Fig. 3).  
 
 
Fig. 2 Sample location map showing the distribution and 
classification of granitic rocks according to their 
geochemical character in Sulawesi Island 
Pluton/Region Shape/ orientation Petrographic facies Mineral Assemblages Accesory Series
Medium-grained porphyritic monzogranite Qtz+Plg+Kfs+Hbl+Bio Ttn+Ap+Zrc+Ilm+Mag CAK
Coarse-grained porphyritic quartz monzodiorite Qtz+Plg+Kfs+Hbl+Bio Ttn+Ap+Ilm+Mag CAK
Coarse-grained porphyritic quartz monzonite Plg+Qtz+Hbl+Bio+Kfs Ttn+Ap+Zrc+Mag+Ilm HK
Coarse-grained porphyritic granodiorite Plg+Qtz+Hbl+Bio Ttn+Ap+Mag+Ilm CAK
Coarse-grained equigranular monzogranite Qtz+Plg+Kfs+Hbl+Bio Ttn+Zrc+Mag+Ilm HK
Medium grained porphyritic quartz syenite Qtz+Plg+Kfs+Hbl+Bio Ttn+Ap+Mag+Ilm HK
Medium-grained granodiorite Plg+Qtz+Hbl+Bio Ap+Ttn+Zrc+Ilm+Mag CAK
Coarse-grained porphyritic monzonite Qtz+Plg+Hbl+Bio Ttn+Ilm+Mag CAK
Medium- to coarse-grained quartz monzonite Qtz+Plg+Bio+Hbl Ttn+Ap+Ilm+Mag CAK
Diorite gabbro (enclave) Plg+Hbl+Bio+Px Ilm+Mag CAK
Coarse-grained monzogranite Plg+Qtz+Kfs+Hbl+Bio Ttn+Ap+Zrc+Ilm+Mag CAK
Coarse-grained porphyritic granodiorite Plg+Qtz+Hbl+Bio Ap+Ilm+Mag CAK
Coarse-grained equigranular quartz monzonite Qtz+Plg+Kfs+Hbl+Bio Ttn+Ap+Ilm+Mag CAK
Medium-grained inequigranular granodiorite Plg+Qtz+Kfs+Hbl+Bio Ttn+Ap+Ilm+Mag Low-K toTho
Medium-grained equigranular quartz monzonite Plg+Qtz+Kfs+Hbl+Bio Ttn+Zrc+Ilm+Mag HK
Porphyritic monzongranite Plg+Qtz+Kfs+Hbl+Bio Ttn+Zrc+Ilm+Mag HK
Medium-grained syenite Kfs+Qtz+Plg+Bio+Hbl Fld+Ttn+Ilm HK
Medium-grained equigranular monzogranite Plg+Qtz+Kfs+Hbl+Bio Ttn+Ap+Mag+Ilm HK
Medium-grained granodiorite Plg+Qtz+Kfs+Hbl+Bio Ttn+Zrc+Mag+Ilm HK
Coarse-grained granodiorite Plg+Qtz+Hbl+Bio Ttn+Zrc+Ap+Cal+Ilm Low-K toTho
Coarse-grained monzogranite Plg+Qtz+Kfs+Hbl+Bio Ttn+Ap+Ilm+Mag CAK
Medium-grained monzogabbro Plg+Qtz+Hbl+Bio Ttn+Zrc+Ap Low-K toTho
Fine-to medium-grained equigranular quartz monzonite Plg+Qtz+Hbl+Bio Ttn+Ap+Ilm+Mag HK
Coarse-grained porphyritic granite Qtz+Kfs+Plg+Hbl+Bio Ttn+Zrc+Ilm+Mag HK
Latuppa Elongated/N-S Medium-grained equigranular granodiorite Plg+Qtz+Bio+Hbl Ttn+Ap+Zrc+Ilm+Mag CAK
Medium-grained tonalite Plg+Qtz+Bio+Hbl Ttn+Ap+Mag Low-K toTho
Coarse-grained porphyritic granodiorite Plg+Qtz+Bio+Hbl Ap+Ox+Mag Low-K toTho
Medium-grained monzogranite Qtz+Plg+Hbl+Bio Ttn+Ox+Mag Low-K toTho
Fine-grained gabbro (enclave) Plg+Hbl+Bio+Px Ttn+Mag Low-K toTho
Barru Subcircular/eliptic Fine-grained equigranular quartz monzonite Qtz+Plg+Kfs+Hbl+Bio Ttn+Ap+Zr+Ilm+Mag HK
Elongated/ W-E
Mineral abbreviation: Qtz= Quartz, Plg= Plagioclase, Kfs= K-feldspar, Hbl= Hornblende+ Bio= Biotite, Ttn = Titanite, Ap= Apatite, Zrc = Zircon, Px= Pyroxene, Ilm = Ilmenite,
Mag = Magnetite
Emu-Lab
Lalos-Toli
Sony
Parigi
West Palu
Mamasa
Polewali
Masamba
Gorontalo
Elongated/ NE-SE
Elongated/N-S
Subcircular/eliptic
Subcircular
Elongated/NE-SE
Subcircular/eliptic
Subcircular/eliptic
Subcircular/eliptic
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Fig. 3. Distribution of granitic rocks in Sulawesi based on 
their magnetic susceptibility values 
 
DISCUSSION AND CONCLUSION 
The different partitioning of Fe among silicates and 
oxides in granitic rocks is controlled by oxygen 
fugacity or f(O2) and explain the ilmenite- and 
magnetite-series (Ishihara, 1977). In addition, f(O2) 
also plays an important role in ore mineralization 
process within granitic rocks since it controls redox 
state of magma (Blevin and Chappel, 1995).  
The reduced-I type (ilmenite-series) granitic rocks in 
Sulawesi which are located in the CW of the Western 
Sulawesi Province are associated generally with Au 
and base metal (Pb-Zn-Cu) mineralization in Sassak, 
north of Toraja district (Taylor and van Leeuwen, 
1980), Mangakaluku, Latuppa, and south Palopo. 
Recently, preliminary study on the occurrence of 
Au-Cu mineralization was reported from granodiorite 
stock in Mallawa area south Sulawesi. It is interesting 
to note that potential Sn and W occurrence associated 
with this reduce I-type and ilmenite-series granitic 
rocks in Sulawesi have not been reported yet. This is in 
contrast with the occurrence of Sn and W 
mineralization which associated with ilmenite-series 
granitic rocks in Sumatera and Tin Island as reported 
by some previous workers (e.g. Gasaparon and Varne, 
1995). The absence of the Sn and W in the 
ilmenite-series mineralization could be explained by 
the oxidation state of the magma. Lang and Baker 
(2001) reported the low oxygen fugacity values of the 
Sn-W related granitic rocks. The reduced-I type and 
ilmenite-series granitic rocks in the Western Sulawesi 
Province show a relatively high oxygen fugacity. In 
addition, diagram of Blevin (2006) showed that the 
Sn-W mineralized granitic rocks contain low FeO and 
Rb/Sr content (Maulana et al, 2013). The reduced 
I-type (ilmenite-series) and normal- I type 
magnetite-series granitic magmas in Sulawesi Island 
contain relatively high FeO and Rb/Sr content and 
were mainly plotted in the increasing oxidation trend 
which corresponds to Cu-Mo related magma. 
Alternatively, the absence of Sn-W mineralization is 
due the low Al content of biotite. Uchida et al.  
(2012) reported Sn and W mineralization in Japan and 
Korea are associated with the reduced granitic rocks 
which contain high total Al content of biotite.   
The normal- I type, magnetite-series granitic rocks 
which are distributed mainly in the Northern Sulawesi 
Province (but also in the NW part of the Western 
Sulawesi Province; i.e. Sony Pluton), are associated 
with various deposit types, including porphyry Cu-Au 
mineralization associated with tourmaline in 
Bulagidun (Lubis et al., 1994), porphyry Cu-Au and 
epithermal Cu-Au-Ag mineralization in Tumbalalito 
(Perello, 1994), high sulfidation mineralization in 
Motomboto (Carlile and Mitchell, 1994) and fracture 
disseminated Au mineralization at Gunung Pani 
(Kavalieris et al., 1992). In addition, the granitic rocks 
are also related with porphyry Mo mineralization in 
Malala (van Leeuween, 1994). The close relation with 
the Cu-Mo mineralization of the normal I-type 
magnetite-series granitic rocks in this island is shown 
by the diagram of Fe2O3/FeO vs. Rb/Sr (Blevin, 2006) 
showing that both ilmenite- and magnetite series 
correspond to Cu-Au-Mo mineralization (Maulana et 
al., 2013). 
Distribution of ore related deposits which are 
associated with granitic rocks in Sulawesi is shown in 
Fig. 4.   
 
Fig. 4. Distribution of ore related deposits with a granitic 
rock map in Sulawesi 
･･････ 
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